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S U M M A R Y
We report a case of femorotibial osteomyelitis due to Nocardia brasiliensis. Nocardia spp are a rare cause of
bone infections, and the majority of such cases are associated with the spine. This type of osteomyelitis is
uncommon, and in the immunocompetent host, is more often related to a chronic evolution following
direct inoculation of the microorganism.
 2013 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. 
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Nocardiosis is an uncommon Gram-positive bacterial infection
and is typically considered an opportunistic disease; however
approximately a third of infected patients are immunocompetent.1
Nocardia species are a rare cause of osteomyelitis, and this entity
was described for the ﬁrst time more than 50 years ago.2 These
infections are associated with skin lesions or trauma. Most cases
are associated with infections of the spine, but other rare locations
include the skull,3 sacrum,4 femur,5,6 and tibia.7,8 The standard
treatment consists of surgical debridement and prolonged
antibiotic therapy. To our knowledge this is the ﬁrst report of a
femorotibial Nocardia brasiliensis osteomyelitis in a previously
healthy adult.
2. Case report
A 21-year-old woman was admitted after having been
repeatedly kicked in the right knee 3 months previously. She
had gradually developed a low pain that had increased in intensity* Corresponding author. Tel.: +52 55 59991000 ext. 14801.
E-mail address: samuel_vanegas@yahoo.com (S. Vanegas).
1201-9712   2013 The Authors. Published by Elsevier Ltd on behalf of International S
http://dx.doi.org/10.1016/j.ijid.2013.11.002on walking, and soon after this she presented with swelling of her
knee affecting the distal thigh and upper leg, with erythema and
two cutaneous ﬁstulas on the distal thigh that drained purulent
material. In addition, she referred to fever (39 8C) 2 weeks before
admission; she denied any other symptoms. The patient had not
completed her elementary studies and lived in a rural area of
Mexico with no easy access to health services. She had decided to
consult a physician only when she became unable to walk. She was
transferred to our institution.
She had no signiﬁcant past medical history and was not using
any medication. On admission she presented normal vital signs
and no other clinical symptoms. Laboratory analysis was notable
for hemoglobin 11.2 g/dl (normal range 12–17 g/dl), mean
corpuscular volume (MCV) 77 ﬂ (normal range 80–100 ﬂ), and
mean corpuscular hemoglobin 24 pg/cell (normal range 27–31 pg/
cell). The white blood cell (WBC) count was 8.6  109/l (normal
range 4–11  109/l) with 83% neutrophils (normal range 37–75%),
C-reactive protein (CRP) was 103 mg/l (normal <6 mg/l), the
erythrocyte sedimentation rate (ESR) was 39 mm/h (normal
<20 mm/h), and the albumin level was 2.20 g/dl (normal range
3.5–5 g/dl). We performed an ELISA for HIV and the tuberculin
skin test, because she suffered physical abuse from her husband
and came from Oaxaca (southeast Mexico), an area where
tuberculosis is endemic; both tests were negative. Right knee
X-rays showed tissue edema, multiple radiolucent images
alternating with healthy bone, and thickening of the cortical
bone of the distal femur, all compatible with chronic osteomyelitisociety for Infectious Diseases. Open access under CC BY-NC-ND license.
Figure 1. Nocardia brasiliensis-associated femorotibial osteomyelitis. (A) Lateral and antero-posterior right knee X-ray showing edema and multiple osteolytic lesions of the
femur. (B) Computed tomography scan of the right knee showing osteolytic lesions of the femur. (C) and (D) Sabouraud dextrose agar showing dry, rough, raised, and
yellowish Nocardia colonies. (E) and (F) Modiﬁed Kinyoun stain showing partially acid-fast bacilli.
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osteolytic lesions in the middle and distal third of the right femur
and sclerotic changes in the distal epiphysis of the femur and in the
proximal epiphysis of the tibia (Figure 1, panel B). Blood cultures
were negative. Two surgical debridements were performed, andmultiple abscesses and necrosis of the articular capsule and the
anterior cruciate ligament were found. Multiple bone and tissue
specimens were sent for histological and culture examination.
Histopathological examination revealed an acute inﬂammatory
inﬁltrate with micro-abscesses and acute osteomyelitis in the right
S. Vanegas et al. / International Journal of Infectious Diseases 20 (2014) 63–65 65femur without evidence of microorganisms or ﬁlamentous
structures on hematoxylin–eosin stain.
The biopsy specimens (the initial Gram stain was negative)
were inoculated on conventional culture media. After 3 days, an
organism grew. The colonies were dry, rough, and raised, with
irregular edges and the presence of a yellowish coloration on 5%
sheep blood agar (Figure 1, panels C and D) and Sabouraud
dextrose agar. A Gram stain was performed from direct culture
and we observed a thin, ﬁlamentous, Gram-positive branching
rod. The modiﬁed Kinyoun stain showed partially acid-fast bacilli
(Figure 1, panels E and F). Biochemical tests were done as
recommended in the literature and results were compatible with
Nocardia spp.9,10
Deﬁnitive identiﬁcation at the species level was performed by
broad-range 16S DNA PCR followed by sequencing. Genomic DNA
for sequencing was obtained with the Qiagen extraction kit;
ampliﬁcation was implemented with primers described previously
by Louie et al.,11 and the DNA sequence was determined with a
sequence analyzer (ABI PRISM 3130xL; Applied Biosystems)
employing the same primers with the BigDye kit (Applied
Biosystems). The sequences obtained were compared with actino-
bacterial sequences in the GenBank database using the BLAST
program. The analysis demonstrated N. brasiliensis (accession
number KF306264).
Ceftriaxone 2 g intravenously every 24 h was started empirically.
Three days later, with the suspicion of a Nocardia infection,
trimethoprim–sulfamethoxazole was started (TMP–SMX; 5 mg/kg
of the TMP component twice a day) and the ceftriaxone was
discontinued. After the surgeries her symptoms improved. One
week later the PCR decreased from 103 to 55 mg/l, the ESR to 25 mm/
h, and the WBC count to 7.6  109/l with 74% neutrophils. Because of
the clinical improvements, we decided that she could continue her
follow-up on an outpatient basis. The patient received psychological
therapy and her family took care of her. At the 4-month follow-up,
the patient remained asymptomatic, but she could not walk without
help. We planned 6 months of antibiotic therapy.
3. Discussion
Nocardia spp is included in the actinomycetes group, the
members of which are phylogenetically diverse but morphologi-
cally similar. It exists as a saprophyte and is considered to be a
slowly growing organism; routine cultures usually require 3–21
days to exhibit growth.9 Inhalation is the most common route of
infection, with direct inoculation into the skin being second;12 we
believe that the latter was the cause of the currently reported
infection.
Although immunocompetent hosts can develop nocardiosis
(10–50% of cases), this disease is typically considered an
opportunistic infection. Nocardia asteroides is the most common
species associated with human disease, while N. brasiliensis is the
second most frequent isolate, is responsible for mycetoma in
Mexico and South America, and is usually associated with
localized and cutaneous infections, such as that in the present
case, more related with localized physical aggression.13,14 The
disease should be suspected in those cases of osteomyelitis
associated with skin injuries and possible inoculation of the agent
in an endemic area.
Synergy against Nocardia has been demonstrated with TMP–
SMX, which has become the ﬁrst-line treatment. In a study of 552
clinical isolates collected from six major medical referral centers in
the USA between 2005 and 2011, only 2% of isolates were resistant
to TMP–SMX and/or sulfamethoxazole.15 N. brasiliensis is typically
susceptible to TMP–SMX and amikacin. In previous reports, most
isolates (88–100%) have been susceptible to third-generation
cephalosporins.16 Only 20–30% of isolates are susceptible toimipenem.17 The combination of amikacin and imipenem may be
preferred for resistant strains or in patients allergic to TMP–SMX.
The optimal duration of antibiotic therapy is uncertain, but long-
term therapy is the rule.18 Non-immunocompromised patients
should be treated for a minimum of 6–12 months.18 When the
bone is affected, it is essential to perform surgical debridement to
remove the damaged tissue.
We found two reports of N. brasiliensis osteomyelitis, but both
were spinal forms in immunocompromised hosts.19,20 Nocardiosis
should be considered a potential cause of cavitary lung lesions and
brain, bone, epidural, and skin abscesses that do not respond
appropriately to antibiotics, especially with negative Gram stains
and cultures.20 We recommend an aggressive, staged approach for
the eradication of Nocardia osteomyelitis. First and foremost,
therapy should consist of repeated adequate surgical debridement
and antibiotic therapy.
Conﬂict of interest: The authors certify that they have no
afﬁliations with or involvement in any organization or entity with
any ﬁnancial interest (such as honoraria; educational grants;
participation in speakers’ bureaus; membership, employment,
consultancies, stock ownership, or other equity interests; and
expert testimony or patent-licensing arrangements), or non-
ﬁnancial interest (such as personal or professional relationships,
afﬁliations, knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.
References
1. Sorrell TC, Mitchell DH, Iredell JR, Chen SC. Nocardia Species. In: Mandell GL,
Bennett JE, Dolin R, editors. Principles and Practice of infectious diseases. 7th ed.,
Philadelphia: Elsevier; 2010. p. 3199.
2. Cruz PT, Clancy CF. Nocardial osteomyelitis and septicemia. Am J Pathol
1952;28:607–27.
3. Kostur M, Storey D. Nocardia farcinica osteomyelitis of the frontal bone ﬁve
years after Nocardia brain abscess in an immunocompetent patient. J Miss State
Med Assoc 2002;43:111.
4. Guiral J, Refolio C, Carrero P, Carbajosa S. Sacral osteomyelitis due to Nocardia
asteroides. A case report. Acta Orthop Scand 1991;62:389–90.
5. Schwartz JG, Tio FO. Nocardial osteomyelitis: a case report and review of the
literature. Diagn Microbiol Infect Dis 1987;8:37–46.
6. Montoya JP, Carpenter JL, Holmes GP, Hurley DL, Winn R. Disseminated Nocar-
dia transvalensis infection with osteomyelitis and multiple brain abscesses.
Scand J Infect Dis 2003;35:189–96.
7. Martini M, Martini-Benkeddache Y, Bekada H, Boulahbal F. [Primary mycoses of
tibia due to Nocardia asteroides] (in French). Rev Chir Orthop Reparatrice Appar
Mot 1972;58:813–6.
8. De Luca J, Walsh B, Robbins W, Visconti EB. Nocardia asteroides osteomyelitis.
Postgrad Med J 1986;62:673–4.
9. Berd D. Laboratory identiﬁcation of clinically important aerobic actinomycetes.
Appl Microbiol 1973;25:665–81.
10. McNeil MM, Brown JM. The medically important aerobic actinomycetes: epi-
demiology and microbiology. Clin Microbiol Rev 1994;7:357–417.
11. Louie L, Goodfellow J, Mathieu P, Glatt A, Louie M, Simor AE. Rapid detection of
methicillin-resistant staphylococci from blood culture bottles by using a mul-
tiplex PCR assay. J Clin Microbiol 2002;40:2786–90.
12. Wilson JW. Nocardiosis: updates and clinical overview. Mayo Clin Proc
2012;87:403–7.
13. Bonifaz A, Ibarra G, Sau´l A, Paredes-Solis V, Carrasco-Gerrard E, Fierro-Arias L.
Mycetoma in children: experience with 15 cases. Pediatr Infect Dis J
2007;26:50–2.
14. Lopez Martinez R, Me´ndez Tovar LJ, Lavalle P, Welsh O, Sau´l A, Macotela Ruı´z E.
[Epidemiology of mycetoma in Mexico: study of 2105 cases]. Gac Med Mex
1992;128:477–81.
15. Brown-Elliott BA, Biehle J, Conville PS, Cohen S, Saubelle M, Sussland D, et al.
Sulfonamide resistance in isolates of Nocardia spp. from US multicenter survey. J
Clin Microbiol 2012;50:670.
16. Sorrell TC, Mitchell DH, Iredell JR. Nocardia species. In: Mandell GL, Bennett JE,
Dolin R, editors. Principles and practice of infectious diseases. 6th ed., Philadel-
phia: Elsevier; 2005. p. 2916.
17. Khardori N, Shawar R, Gupta R, Rosenbaum B, Rolston K. In vitro antimicrobial
susceptibilities of Nocardia species. Antimicrob Agents Chemother 1993;37:882.
18. Lerner PI. Nocardiosis. Clin Infect Dis 1996;22:891–903. quiz 904–5.
19. Lakshmi V, Sundaram C, Meena AK, Murthy JM. Primary cutaneous nocardiosis
with epidural abscess caused by Nocardia brasiliensis: a case report. Neurol India
2002;50:90–2.
20. Johnson P, Ammar H. Nocardia brasiliensis vertebral osteomyelitis and epidural
abscess. BMJ Case Rep 2013 April 11 [EPub ahead of print].
